Purpose. To review the outcomes of cancellous screw fixation for undisplaced femoral neck fractures in elderly patients and to identify the risk factors associated with poor outcomes. Methods. Medical records of 100 patients aged 61 to 94 (mean, 78) years who underwent internal fixation with cancellous screws for undisplaced femoral neck fractures were reviewed. According to the Garden classification, 85 fractures were type 1 (impacted fractures) and 15 were type 2 (complete, undisplaced fractures). Postoperative mobility and pain were assessed through a telephone survey. Outcome measures included the length of surgery, length of hospital stay, perioperative complications, postoperative pain, pre-and post-operative mobility status, and rates and causes of implant revision and mortality. Results. Of the 96 patients followed up for a mean of 39 (range, 25-76) surgery for avascular necrosis of the femoral head (n=5) or non-union/implant failure (n=3). Of the 68 patients assessed for postoperative pain and mobility, 15 had pain on movement, whereas 55 could ambulate independently with or without walking aids (out of 61 that could do so preoperatively). Overall, 30 patients had a decrease in their mobility status. Patients aged >75 years (compared with those aged ≤75 years) were associated with longer length of hospital stay (12.7 vs. 10.2 days, p=0.047) and higher mortality rate (23% vs. 7%, p=0.044). The length of hospital stay was also associated with presence of ischaemic heart disease/ cerebrovascular accident (14.4 vs. 11.04 days, p=0.002). Pain, mobility, and rates of complication and revision were not associated with any of the variables. Conclusion. Cancellous screw fixation for undisplaced femoral neck fractures in elderly patients was associated with relatively low complication and revision rates.
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introduction
The number of hip fractures per year worldwide is expected to rise to 2.6 million by 2025 and 4.5 million by 2050. 1 Hip fractures can be broadly classified into intertrochanteric and femoral neck fractures; the latter can be subclassified into displaced or undisplaced fractures. Elderly patients with displaced femoral neck fractures are at risk of avascular necrosis (AVN) and non-union; the revision rate is lower after hemiarthroplasty than internal fixation. 2 Internal fixation is the conventional treatment of choice for undisplaced femoral neck fractures. It enables earlier mobility with full weight bearing, easier nursing, shorter hospital stay, and avoidance of prolonged recumbence. Nonetheless, elderly patients with undisplaced femoral neck fractures treated with internal fixation have been reported to have higher rates of revision, complication, non-union, delayed union, and poorer functional outcomes. [3] [4] [5] However, other studies have reported that age is not associated with early mortality, failure, or the ultimate functional results. [6] [7] [8] Hemiarthroplasty has been recommended as the primary treatment for elderly patients; the need to preserve the femoral head must be balanced against a greater probability of secondary surgery after failure or complications related to internal fixation.
This study reviewed the outcomes of cancellous screw fixation for undisplaced femoral neck fractures in elderly patients, and identified the risk factors associated with poor outcomes.
MATERIALS AND METHODS
Medical records of 77 women and 23 men aged 61 to 94 (mean, 78) years who underwent internal fixation with cancellous screws for undisplaced femoral neck fractures between January 2004 and December 2008 were reviewed. Patients with pathological fractures were excluded, as were those re-admitted with complications from previous surgery.
The injury mechanisms were mainly falls and road traffic accidents. According to the Garden classification, 85 fractures were type 1 (impacted fractures) and 15 were type 2 (complete, undisplaced fractures). According to the Pauwels classification, 71 fractures were type 1 (fracture line <30º to the horizontal) and 29 were type 2 (fracture line 30º-50º to the horizontal). Of the patients, 22% had diabetes mellitus, 65% had hypertension, 28% had ischaemic heart disease or a previous cerebrovascular event, and 26% had hyperlipidaemia.
According to the hospital protocol, inputs from surgeons, nursing staff, care coordinators, physiotherapists, anaesthetists, and/or cardiologists were considered. The consultants-in-charge made the decision regarding the type of fixation. Patients rested on beds (without traction if they were comfortable) with calf pumps. Routine investigations included full blood tests, renal function tests, electrocardiography, chest radiography, and radiography of the pelvis and affected hip. If necessary, patients were also evaluated by an anaesthetist and cardiologist. Surgery was delayed in patients with acute medical conditions (e.g. pneumonia, urinary tract infections, anaemia) that required optimisation. All patients received prophylactic antibiotics (usually intravenous cefazolin) on induction of anaesthesia for 24 to 48 hours after.
Internal fixation was performed by surgeons of registrar grade or higher. Under general or regional anaesthesia, the patient was placed on a traction table with the contralateral leg flexed at 90º to enable visualisation of the fracture. Three 6.5 mm (at least) cancellous screws with or without washers were inserted into the femoral head in an inverted triangle configuration. All 3 screws were positioned within 5 mm of the subchondral bone of the femoral head. Intra-operative fluoroscopy was used to confirm screw placement and alignment. The wound was closed in layers without a drain, and a pressure dressing was applied. The mean operating time was 53 (range, 9-130) minutes.
Postoperatively, partial or non-weight-bearing was allowed, depending on the surgeon's satisfaction with the patient's bone stock and the fixation. A bilateral lower limb deep vein thrombosis scan was routinely performed before discharge, usually on day 5. The mean length of hospital stay was 12 (range, 4-32) days. All 3 implant failures occurred within 3 months of rehabilitation. At least 2 years of follow-up is needed to determine AVN of the femoral head. 9 Through a telephone survey, postoperative mobility was assessed using a 4-point system 10 : nonambulant (1 point), ambulant with assistance from a person (2 points), ambulant with walking aid (3 points), or ambulant without difficulty (4 points), whereas postoperative pain was assessed using a 10-point visual analogue scale.
Continuous variables were assessed using the Mann-Whitney U test, whereas binary variables were assessed using the Chi-squared test or Fisher Exact test. Confounders were adjusted for using a regression analysis.
results
Four patients had died within the first postoperative year. The remaining 96 patients were followed up for a mean of 39 (range, 25-76) months. Of these, 8 (8%) underwent revision surgery including Moore hemiarthroplasty (n=2), bipolar hemiarthroplasty (n=3, Figs. 1 and 2) , and total hip arthroplasty (n=3) for avascular necrosis of the femoral head (n=5) after a mean of 23 (range, 16-32) months, and for non-union/ implant failure (n=3) after a mean of 2.6 (range, 2-3) months. Perioperative complications included deep vein thrombosis (n=4), pulmonary embolism (n=1), urinary tract infection (n=2), bleeding gastrointestinal tract (n=1), and wound haematoma (n=1).
Of 68 patients assessed for pain, none had pain at rest, but 15 (22%) had pain on movement. Of these 15 patients, one developed AVN of the femoral head, one developed non-union, and the remaining 13 had no signs of any pathology; probable causes for the pain could be early AVN of the femoral head, posttraumatic hip osteoarthritis, altered gait pattern, or disturbed proprioception.
Of 68 patients assessed for mobility, 61 (90%) could ambulate independently with or without walking aids preoperatively, and 55 (81%) of them could do so postoperatively. Overall, 30 (44%) patients had a decrease in their mobility status.
Using multivariate analyses, operating time was associated with fracture pattern by Garden classification (type-1 vs. type-2 fractures: 52 vs. 66 minutes, p=0.021). Patients aged >75 years (compared with those aged ≤75 years) were associated with longer length of hospital stay (12.7 vs. 10.2 days, p=0.047) and higher mortality rate (23% vs. 7%, p=0.044) [ Table] . Longer length of hospital stay was also associated with the presence of ischaemic heart disease/cerebrovascular accident (14.4 vs. 11.04 days, p=0.002). Pain, mobility, and rates of complication and revision were not associated with any of the variables.
discussion
In our study, longer length of hospital stay was associated with patients aged >75 years and the presence of ischaemic heart disease/cerebrovascular accident, as these patients needed to be optimised prior to surgery. Nonetheless, advanced age did not significantly affect the postoperative pain, mobility scores, or rates of complication and revision. In other studies, length of hospital stay was affected by the number of comorbidities but not advanced age. 9 Patient age, mobility, or cognitive state was reported to not affect early mortality. 6 The failure rate after internal fixation for undisplaced femoral neck fractures did not differ significantly in patients aged <80 years and ≥80 years. 7 Rather, the type of surgery and patient pre-injury residential status (home versus institution) significantly affected the 30-day mortality. Patient age was reported to not affect the ultimate functional results. 8 However, in other studies, patients aged >69 years were reported to have higher complication rates, longer time to union, higher non-union rates, and poorer functional outcomes. 3 Age and walking ability of the patient and the degree of impaction and angulation were reported to predict the risk of complications. 4 Elderly hip fracture patients were assumed to have poorer functional results, owing to more severe osteoporosis, poorer medical condition, lack of necessary social care, less interest in achieving a better functional result, and a greater dependence on external or social support. 3 Revision rate after internal fixation for undisplaced femoral neck fractures was higher in patients aged >80 years, and hemiarthroplasty was thus recommended. 5 The mortality rate was reported to be higher in those dependent on others for their activities of daily living; the ability to complete activities of daily living was reported to decrease in 20% of the survivors. 1 Preoperative mobility was considered the most significant determinant for postoperative survival, followed by age and gender; poorer pre-injury mobility was associated with higher mortality.
11
Fractures with higher Pauwels angles (i.e. more vertical fracture lines) are subjected to higher shear forces and therefore more prone to inferior translation, secondary varus displacement, and healing complications. 12 Nonetheless, Pauwels classification was reported to be not predictive of the non-union rate of fixation for undisplaced fractures. 13 Findings from our study were comparable to those from other studies reporting revision rates of 7.2% to 16.2%, AVN rates of 3.8% to 10.8%, non-union rates of 4.5% to 11%, complication rates of 8.2% to 36%, and one-year mortality rates of 16% to 22%. 3, 4, 6, 7, 14, 15 This study has its limitations. It is a retrospective study; postoperative pain and mobility status of patients were assessed at different timelines. In addition, patients could have been randomised into various treatments such as bipolar hemiarthroplasty and total hip arthroplasty to enable comparisons. Osteoporosis may have contributed to the fracture patterns and the union/failure rates; bone mineral density could have been measured to assess osteoporosis status.
conclusion
Cancellous screw fixation for undisplaced femoral neck fractures in elderly patients was associated with relatively low complication and revision rates. However, 22% of our patients reported pain on movement. Patient age did not affect postoperative pain, mobility, or rates of complication and revision. Further studies comparing different treatment modalities (such as hemiarthoplasty and total hip arthroplasty) are needed.
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